The objective of this research was to evaluate the impact of fermented whey on the sensory characteristics of ripened cheeses and consumer preference. Ripened cheeses from 24, 25, 26, 27 and 28 months were characterized. The sensory techniques used were: Quantitative Descriptive Analysis®, Temporal Dominance of Sensations and External Preference Mapping. The results showed that the ripened cheeses of 24 to 27 months they were characterized by white color, acidified milk smell, fat aroma and acidified cream smell. The cheese of 28 months of ripened was perceived as fermented milk smell, cow smell and fat smell. The dominant attributes were fat aroma, bitter aftertaste, acid aftertaste and salty. Consumers preferred cheeses from 26 and 27 months of ripening. These results demonstrate the potential use of fermented whey as an alternative to produce ripened cheeses with sensory characteristics and their relation to consumer preference.
INTRODUCTION
Artisanal cheeses are part of the cultural heritage that give identity to the place where they are made (Villegas et al., 2009) . They are also a source of proteins, lipids, vitamins and minerals (Moreno-Rojas et al., 2010) . In Europe, the per capita consumption of ripened cheeses is 20 kg per year and in Latin America its 2.1 kg per year (Cervantes-Escoto & Villegas, 2014) . In 2016, Cheese production in Mexico was 751, 370 ton with a value of 1, 495 million dollars (SIAP, 2017) . Whey is one of the by-products derived from the production of cheeses which is discarded to the rivers causing a negative impact (Rebollar-Rebollar et al., 2011; Leizaola, 2011) to the environment. The use of fermented whey with cultures (Lactococcus lactis and Lactococcus cremoris) can contribute to produce ripened cheeses at a lower cost and sensory characteristics appealing to consumers (Cuffia et al., 2017) . However, in order to understand the impact of using fermented whey in the manufacture of ripened cheeses, is it required to study the following aspects: 1) sensory characterization; 2) sensory behavior in real time of consumption and 3) consumer preference. The aforementioned aspects can be analyzed through the combination of sensometric techniques such as Quantitative Descriptive Analysis (QDA ® ), Temporal Dominance of Sensations (TDS) and External Preference Mapping (PREFMAP) can generate information about the aforementioned aspects (Stone & Sidel, 2004; Pineau et al., 2009; Ramírez-Rivera et al., 2018) . Currently there is no evidence of sensometric investigations of ripened cheeses made with fermented whey. The objective of this research was to evaluate the impact of fermented whey in the sensory characteristics of ripened cheeses and the consumer preference.
MATERIALS AND METHODS

Obtaining and processing fermented whey
The whey was obtained from the preparation of a fresh pasteurized cheese at the Laboratorio de Tecnologia de Productos Pecuarios (Technology of Livestock Products Laboratory) of Universidad del Mar, Campus Puerto Escondido (Gamboa-Alvarado et al.,2012) . Prior fermentation, whey was stirred to obtain a homogeneous batch. The lactic fermentation was carried out using Lactococcus lactis and Lactococcus cremoris (Alcatraz S.A. de C.V. de Mexico) for a period of four days at of 27 ± 2°C and relative humidity of 85 ± 5% (Gamboa-Alvarado et al., 2012) . After the fermentation time, the supernatant was filtered using a colander and used for the cheese treatment preparation. Acidity of fermented whey was determined according to AOAC 947.05 methodology (AOAC, 1995) . Fermented whey used for this study had an acidity of 69° Dornic (Gatti et al., 2008) .
Preparation of ripened cheeses
Fresh milk obtained from Campo experimental de la Universidad del Mar Campus Puerto Escondico Milk was pasteurized (APIMAT model 304, Mexico) to 63°C per 30 min. Then, 4 g of CaCl 2 (diluted in 5 mL of water) for each 20 liters were added to milk. Subsequently 12 mL of commercial rennet (curdling force 1:10,000 or 110 IMCU mL -1 , Cuamex Industry, Mexico) were added. Then, the fermented whey was added. Once the coagulation was complete, the curds were cut at a temperature of 50 °C and allowed to rest for 30 min. Then, the curds were drained using different pieces of cotton fabric for each of the containers. Drained curds were placed in molds of Polyvinil chloride (PVC) of 80 mm in diameter and 95 mm in height (to obtain samples of 300 g) to press them (2 kg force per 1 kg cheese) for 24 h. Subsequently, the cheeses were submerged in a brine 20% (w/v) (Refined salt, salt la fina ® of Mexico) for 7 to 8 h. Finally, the cheeses were stored in a fermentation chamber at a temperature of 23 ± 2°C and with relative humidity of 65 ± 5%. Ripening times were 24 (QT1), 25 (QT2), 26 (QT3), 27 (QT4) y 28 (QT5) months (Mazzeo-Meneses et al., 2009) . Criteria for selection of ripening times were: 1) cheeses showed a greater diversity of sensory attributes at these times (Romani et al., 2002) and 2) ripening times are similar to those for commercial Parmigiano-Reggiano cheese (Sforza et al., 2012) .
Preparation of samples for sensory analysis
Sample size used for this study was 20 g (pieces of 1.5-cm diameter and 3-cm thickness) (Ramírez-Rivera et al., 2017a) . A three randomly-selected digits were used for coding samples (Ramírez-Rivera et al., 2017a) . Judges were provided with water and a baked cookie (Sanissimo ® of Mexico) as a palate cleanse to eliminate the possible left over residues from the previous sample.
QDA ® : Panel and sensory procedure
The panel consisted of 10 subjects (5 women and 5 men with ages between 25 to 54 years) from the Universidad del Mar Campus Puerto Escondido. The judges were selected according to ISO 8586-1 (1993) and ISO 11035 (1994) . In the first stage it was determined their availability, motivation and non-aversion of each subject towards ripened cheeses (ISO 8586-1, 1993) . In the second stage, tests of basic flavors, recognition of aromas (ISO 5496, 2005) , triangular (ISO 4120, 2004a) and duo-trio tests (ISO 1039 (ISO , 2004b were conducted. The results of these tests were processed using the Sequential Analysis technique (the parameters were p = 0.30, p1 = 0.70, α = 0.10 and β = 0.10) to select the judges (ISO 16820, 2004) . The sensory profile was made using the QDA ® technique in accordance with ISO 11035 (ISO, 1994) with some modifications. A scale of 9 cm was used because it is more sensitive than other scales (Ramirez et al., 2018) . Sensory attributes evaluated were: white color (WHIT-C), fat smell (FAT-S), fermented milk smell (FERM-S), acidified milk smell (ACIM-S), acidified cream smell (ACCR-S), cow smell (COW-S), salty (SALT), sour (SOU), bitter (BITT), fat aroma (FAT-A), sour aftertaste (SOU-AF) y bitter aftertaste (BITT-AF). The sensory attributes were selected according to the procedure of arithmetic mean (ISO 11035, 1994) . The definition and its operative mode of each attribute was determined (ISO 11035, 1994) by consensus. Commercial type panela cheeses were used (Lala ® and Alpura ® of Mexico) as references for the evaluation of each sensory attribute (Rainey, 1986) . A total of 15 tasting sessions were conducted in order to collect sensory data from cheese samples and to determine the panel performance. Each session lasted approximately 50 min. The evaluation of the cheeses was sequential monadic based on an optimized experimental design (MacFie et al., 1989; Périnel & Pagès, 2004) .
TDS: Panel and sensory procedure
The panel for TDS consisted of 20 consumers (10 women and 10 men with ages between 13 to 55 years). Consumer screening criteria were: 1) Cheese consumption at least twice a week (Bemfeito et al., 2016) ; 2) no allergy to dairy products (Rodrigues et al., 2014) ; 3) good oral and general health and 4) results of the triangular tests (ISO 4120, 2004) . Sequential Analysis technique (p = 0.30, p1 = 0.70, α = 0.10 and β = 0.10) with triangular test results were used for consumer screening (ISO 16820, 2004c; Da Silva et al., 2014) . Five training sessions (two hours per session) with the software SensoMaker were conducted with the selected consumers for them to understand the concept of dominant attribute (a dominant attribute that captures attention in a given time) and the product evaluation procedure (Pineau et al., 2009) .
Consumers performed the TDS test as follows: 1) clicking on the "start" button 2) place 5 g of cheese in the mouth for a period of 2 s (delay time). 3) After the delay time and for a period of 20 s, consumers used the mouse to select the dominant attribute during until the test ended. Each consumer was free to select any attribute several times (Pineau et al., 2009 ) during the evaluation time. The sensory attributes evaluated were: sour (SOU), bitter (BITT), fat aroma (Fat-A), sour aftertaste (SOU-AF) and bitter aftertaste (BITT-AF), these attributes were selected according to their probability value (P ≤ 0.05) generated by the results of the QDA ® panel. The order of the samples was randomized and served in a sequential monadic manner (MacFie et al., 1989 ). Each sample of cheese was presented in white plastic cups previously coded with three digits.
Consumer study
The study was conducted using a central location test with a total of 100 consumers who regularly consume ripened cheeses (50 women and 50 men with ages between 16 and 54 years old). Liking was evaluated using a nine-point hedonic scale (1 = I dislike it extremely and 9 = I like it extremely). Sample size used was 20 g of each cheese. Samples were presented randomly to consumers to avoid presentation order error. Samples were coded using a three-digit code and presented in a sequential monadic way (Ramírez-Rivera et al., 2017b).
Statistical analysis Quantitative descriptive analysis (QDA®)
Panel performance was evaluated according to an ANOVA model with three factors and their interactions:
Where Y iks represents the result of a judge i for session s in the product k; µ is the general average; α i is the judge effect, β k is product effect; γ s is Session effect; αβ ik Product x Judge interaction; βγ ks Product x Session interaction; αγ is Judge x Session interaction and e ijk is the term error of the model where e iks~ N (~0, σ 2 ). All tests of F were obtained using the residual variance as the denominator (Husson et al., 2001) . The sensory map was represented by Principal Component Analysis (PCA). The stability of the sensory map was determined by the technique confidence ellipses (90% and with 500 times) and the Hotelling T 2 test (Cadoret and Husson, 2013) .
TDS
TDS curves were constructed according to Pineau et al. (2009) . Each TDS curve included two lines indicating: 1) the "chance level" (rate of dominance occurring by chance on each attibute) and 2) "significance level" (the minimum value for considering the dominance rate as significant). The level of significance was calculated according to Pineau et al. (2009) using a confidence interval of a binomial proportion based on a normal approximation:
( 1 ) 1.6 4 5 Two different ANOVA models were used sequentially. The first ANOVA model was to determine the performance of the TDS panel based on each evaluation time (Dinnella et al., 2013; Lepage et al., 2014) :
Where Y iks represents the consumer's result i for the attribute s in the product k; µ it is the general average; α i it is the consumer effect, β k it is product effect; γ s it is attribute effect; αβ ik is the Product x Consumer interaction; βγ ks is the Product x Attribute interaction; αγ is is the Consumer x Attribute interaction and e ijk is the term error of the model with e iks~ N (~0, σ 2 ). The second model of ANOVA was used to determine the attributes that allowed to differentiate the cheeses according to the dominance rate (Ng et al., 2012) :
Where Y ik represents the result of the product k generated by the consumer i; µ it is the general average; α i it is the consumer effect; β k is the product effect; αβ ik is the Product x Consumer interaction and e ijk is the term error of the model with e iks~ N (~0, σ 2 ) (Husson et al., 2001) . The maximum value of dominance rate (Vmax) and time to reach Vmax (Tmax) were used for the interpretation of TDS results (Pineau et al., 2009 ).
The Vmax values were used to generate the sensory map via PCA. The stability of the sensory map was determined by the technique confidence ellipses (90% and with 500 times) and the Hotelling T 2 test (Cadoret & Husson, 2013) .
External preference mapping
The External Preference Mapping (PREFMAP) was conducted in two successive stages following Ramírez-Rivera's et al. (2018) strategy: stage 1) consumer class definition through the technique Hierarchical Classification Ascending (HCA) Ward method. 2) correlation of consumer classes (Y) against QDA ® sensory profile and TDS (X) using the following model:
Vector model:
Where X (data QDA ® and TDS profile) and Y (hedonic data grouped into classes)
were the coordinates of the cheese in the first and second principal component and Yi was the hedonic value assigned by a consumer class to each cheese. The α y β 1 were the coefficients of the model and ε was the error term of the model. The coefficient of determination (R 2 ) was used to determine the fit between the hedonic data and the sensory profiles (Ramírez-Rivera et al., 2018) .
Analysis of Variance and Confidence ellipses were performed using SensoMineR (Lê-Dien & Husson, 2008) packages implemented in programming language R version 3.2.5 (R Core Team, 2016) . The TDS curves were built using SensoMaker version 1.91 software (Pinheiro et al., 2013) . The External Preference Mapping and R 2 tests were conducted with the XLSTAT software (version 2015.6.01; Addinsoft, Paris, France).
RESULTS AND DISCUSSION
QDA ® : Panel performance and sensory profile
The performance results of the QDA ® panel are shown in Table 1 . The product factor indicated that the panel was highly discriminating (P ≤ 0.0001) in all evaluated attributes. However, discrepancies were found among the judges for the evaluation of all the attributes (P ≤ 0.0001).
The session factor determined that the panel was repetitive in all attributes except for WHIT-C, ACCR-S, ACIM-S y FAT-A (P ≤ 0.0001). The panel was consensual in the attribute BITT-F (P = 0.11) when positioning cheeses on the intensity scale (Cheese x Judge Interaction). The Cheese x Session interaction indicated that the panel generated similar notes between sessions in the attributes COW-S (P = 0.38), FERM-S (P = 0.30), SALT (P = 0.28), SOU (P = 0.41), BITT (P = 0.31), SOU-AF (P = 0.11) and BITT-AF (P = 0.70).
The Judge x Session interaction indicated that the judges used the intensity scale in a similar way between sessions for the COW-S (P = 0.20), ACCR-S (P = 0.26), FERM-S (P = 0.41), ACIM-S (P = 0.08), SOU (P = 0.71), BITT (P = 0.88) and SOU-AF (P = 0.40) attributes. These results indicated that the panel met the criteria of discrimination and repeatability considered of interest in the performance of a sensory panel (Lê-Dien & Worch, 2015) .
The confidence ellipses are shown in Fig.1a . Sensory panel perceived the cheeses as different (Hotelling T 2 , P < 0.05). Cheeses QT1 and QT2 (24 and 25 months of maturation, respectively) were perceived with high intensities of SALT, SOU, SOU-AF and BITT (Fig. 1b) . Also cheeses QT3 and QT4 (26 and 27 months of maturation, respectively) were characterized as WHIT-C, ACCR-S and BITT-AF (Fig. 1b) . Lactococcus. They observed that these cheeses exhibited attributes such as white color, sour smell, smell of fat, cow smell and grease aroma. The SALT attribute could be due to the release of peptides by proteolysis that can cause a low perception of humidity and increased perception of salting (Lima et al., 2008) . The COW-S attribute is mainly related to the type of grass used as a livestock feed source ( O´Callaghan et al., 2017) . The FERM-O and FERM-S attributes could be generated by the fermentation of lactose and compounds derived from lipolysis as the 3-methylbutanoic acid (Ramírez-Rivera et al., 2018) .
TDS: Panel performance and sensory profile
The performance results of the TDS panel are shown in Table 2 . Where, the product factor showed that the panel discriminated the cheeses in the time period T17 to T20 (P ≤ 0.0001). The consumer factor indicated agreements (P ≥ 0.05) between the evaluators for the determination of the dominance of the attributes during the cheese evaluation time. The attribute factor showed that each evaluated attribute allowed to differentiate the cheeses in the periods from T1 to T6 and later from T12 to T20. The Product x Consumer interaction were similar (P ≥ 0.05) for
the dominance assignments of each cheese evaluated. The Product x Attributes interaction indicated that different attributes characterized the cheeses in the periods: T1 to T5 and T9 to T20. The Consumer x Attributes Interaction indicated that consumers used attributes differently from T2 to T20. This may be due to differences in the chewing and salivation of each consumer (Foster et al., 2011; Ma et al. 2016) . The aforementioned results indicate that the TDS panel was discriminant and consensual (Product x Consumer Interaction) as indicated by Lepage et al., (2014) . Table 3 shows the results of the two-way ANOVA. Results observed indicated that all the attributes considered in the TDS list allowed to differentiate the cheeses. However, the Consumer factor and the Product x Consumer interaction showed that the perception of attributes in the course of time (T1 to T20) differed among consumers.
In Figures 2 and 3 and 4a the TDS curves per cheese analyzed are shown. It is observed that the attributes with greater dominance (SALT, FAT-A, BITT-AF and SOU-AF) were perceived in the periods from 5 to 6 s and 8 to 20 s. These attributes were also reported by Ramírez-Rivera et al. (2017b) as characteristic of ripened cheeses. The attributes SALT and GRAS-A were potentiated due to a loss of moisture and lipolysis reactions that occurred during maturation (Deegan et al., 2013; Gambaro et al., 2017) .
The TDS curves of QT1 cheese (24 months of maturation) were characterized mainly by the dominance of the attributes SALT (Vmax = 0.32 or 32% of consumers detected this attribute as dominant) and FAT-A (Vmax = 0.58 or 58% of consumers detected this attribute as dominant), which obtained these values after evaluating them at Tmax = 5.8 and Tmax = 19.7 s, respectively (Fig. 2a ). This result agrees with that reported by Deegan et al. (2013) and Saint-Eve et al. (2015) whom reported the Fat and Salaty attributes as dominant in matured cheeses. The QT2 cheese (25 months of maturation) is observed that the attribute BITT-AF reaches its value Vmax = 0.36 (36% of consumers detected this attribute as dominant) at 14.5 s. After 17 to 20 s the attribute predominated FAT-A (Vmax = 0.37 and Tmax = 19.2 s) (Fig. 2b) . The values of Vmax and Tmax of the cheeses QT2 demonstrated the dominance of the bitter and fat attributes. This could be due to the presence of ethanoic acid derived from the fermentation of lactic acid and the advanced state of lipolysis in cheeses (Badui-Dergal, 2014; Witt & Stokes, 2015) . In the case of cheese QT3 (26 months of maturation), the first dominant attribute perceived was SOU-AF, who obtained a Vmax = 0.36 (36% of consumers detected this attribute as dominant) at 15.2 s (Tmax) (Fig. 3a) . This result may be related to the high production of lactic acid (Teubner et al., 2009) . While the attribute FAT-A was perceived as dominant by 39% of consumers (Vmax = 0.39) from the second 17 s and reaching its Vmax at 18.8 s. The FAT-A attribute was dominant due to the presence of fatty acids generated by the effect of ripening. According to the TDS curves shown in Figs. 3b and 4a , the aforementioned attribute was dominant from 11 to 20 s (Vmax = 0.50 and Tmax = 20 s) in cheese QT4 (27 months of maturation) and from 8 to 20 s (Vmax = 0.62 and Tmax = 19.2 s) in the cheese QT5 (28 months of maturation). The dominance of the FAT-A attribute may be the result of the interaction between the whey, the fermentative lactic probiotics used and the ripening time (≥ 26 months) that contributed to the degradation of fat particles for the release of short chain free fatty acids such as acetate and butyrate (Deegan et al., 2013; Queiroga et al., 2013; Gambaro et al., 2017) . The PCA generated with the average Vmax data is shown in Fig. 4b . In which, it is observed that cheese QT1 was perceived with greater intensity in the SALT attribute. Cheese QT2 was characterized by having high intensity of BITT and BITT-AF attributes. Cheeses QT3 and QT4 were related to the attribute SOU-AF while cheese QT5 was perceived as SOU and FAT-A. The confidence ellipses (Fig. 4c) with data from the TDS test demonstrated that: 1) cheese QT1 was perceived as different from the rest of the cheeses evaluated (Hotteling T 2 < 0.05); 2) cheeses QT2 and QT5 were significantly different between them (Hotteling T 2 < 0.05) and 3) the overlap of the confidence ellipses showed a progressive order as the maturation time of the cheeses increases (QT2-QT3-QT4 and subsequently QT3-QT4-QT5). 
External preference mapping
Cheeses QT1, QT2 and QT4 obtained scores of 5.8, 6 and 5.8 respectively and cheeses QT3 and QT5 were rated as 5.6 and 5.5, respectively. The preference values positioned the cheeses in the region known as "I do not like or dislike" and "I like it slightly" (Cervantes et al., 2017) of the hedonic scale. Four consumer groups were formed as follows: Class 1 (n = 36 consumers), Class 2 (n = 42 consumers), Class 3 (n = 10 consumers) and Class 4 (n = 12 consumers). The PREFMAP model vector was able to explain the preference of consumer class 1 (R 2 = 0.87), 3 (R 2 = 0.99) and 4 (R 2 = 0.95). Consumers of Class 1 (36% of consumers) preferred cheeses (QT1 and QT2) with characteristics SOU, SOU-AF, BITT, SALT and with a greater dominance in BITT-Vmax and BITT-AF-Vmax (Fig. 5 ). Class 2 and 3 (52% of consumers) preferred cheeses (QT3 and QT4) characterized as WITH-C, BITT-AF, ACCR-S and SOU-AF-Vmax (Fig. 5) . The results shown above agreed with the research of Ramírez-Rivera et al. (2018) whom reported that sensory attributes such as acidity and bitterness are related to consumers' preference for ripened cheeses. Class 4 (12% of consumers) preferred QT5 cheese for being ACIM-S, COW-S, FERM-S, FAT-S and for having a longer time (8 to 20 s) of dominance of FAT-A-Vmax (Fig. 5 ). This indicates that a high intensity and dominance of the attributes related to fat are related to the rejection of this type of cheese. The results of this research are useful for producers and industrial cheeses that require the use of fermented whey as an alternative for the production of this type of cheese. The use of whey can also minimize costs in the production of cheeses and the negative impact on the environment.
CONCLUSIONS
The results of this research indicated that ripened cheeses made with fermented whey are characterized by having dominant sensory attributes such as fat aroma, bitter aftertaste, acid aftertaste and salty. Hedonic data indicated that consumers preferred cheeses with 24 to 27 months of ripening. Attributes white color, smell of acidified cream, bitter aftertaste and acid aftertaste contributed to the explanation of consumer preference. The authors recommend carrying out texture and microscopy analyzes to explain the changes in the micro and macrostructure of the cheeses produced with fermented whey. Vmax is the average dominance of the attribute. Class 1 (n = 36 consumers), Class 2 (n = 42 consumers), Class 3 (n = 10 consumers) and Class 4 (n = 12 consumers). QT1 = 24 months; QT2 = 25 months; QT3 = 26 months; QT4 =27 months; QT5 = 28 months.
